Refeeding strategies require knowledge of energy partitioning. By principles of energy balance, energy intake (Ei) is partitioned between maintenance (Em), activity (Ea), growth (Eg) and faecal and urinary losses (Ew). Energy requirements can thus be calculated as the sum of the components of the energy-balance equation (equation 1). Under anabolic conditions, Ei is equal to dietary Ei requirements. E, is partitioned between energy expended for tissue biosynthesis (Esyn) and energy stored as new tissue (Est). Both values vary according to the composition of weight gained. Since Em and E, cannot be easily separated, the sum Em+, is estimated.
maintenance and activity which is estimated by the Y-intercept. The advantages of this approach are that estimates can be made independently of actual measurements of energy expenditure or of energy storage, particularly during recovery from malnutrition because of accelerated rates of weight gain. The accuracy of the estimates is limited, however, by the accuracy of dietary intake and faecal excretion values.
A widely-cited estimate of Emfa, 343 kJ (82 kcal)/kg per d published by Spady et al. (1976) , was actually the unweighted mean of three independent estimates of Em+,. The first was estimated as 358 kJ (85.5 kcal)/kg from the Y-intercept of the regression of ME1 v. rate of weight gain of sixteen subjects in the rapid-weight-gain phase of recovery from malnutrition. The second was 341 kJ (81.5 kcal)/kg, the Y-intercept of ME1 on weight gain or loss of four subjects in the acute phase of malnutrition and in negative energy balance. The third estimate was based on an assumed basal metabolic rate of 222 kJ (53 kcal)/kg, approximated in an independent study of other malnourished children (Ashworth, 1969a) and the assumption that Em+, is equal to 1.5 times basal metabolic rate. The latter approach estimated 335 kJ (80 kca1)kg as Em+,. We have made similar estimates (Table 1) from published values of dietary intake (Waterlow, 1961; Ashworth et al. 1968; Ashworth, 1969a,b; Krieger & Chen, 1969; Kerr et al. 1973 A method for estimating Em+, which avoids these errors is based on measured energy expenditure and weight gain. This approach assumes (1) the Y-intercept of energy expenditure (kJ (kcal)/kg) on weight gain (gkg) estimates energy expenditure at zero weight gain and (2) that this estimate is Em+,. Advantages of this approach are that it obviates errors from uncertainties over actual dietary Ei and energy losses via the excreta. The doubly-labelled-water method for measuring energy expenditure is accurate in studies of 5-10 d in children (Schoeller et al. 1985; Roberts et al. 1986; Jones et al. 1987) and has the advantage of being safe, unencumbering, and appropriate to field settings. Developed for use in small animals (Lifson & McClintock, 1966) , the method is based on differences in rates of elimination from the body of two tracers. One, l802, is eliminated from the body as water and as C02, whereas the other, 2H, is eliminated as water. The difference in the elimination rates is a function of the rate of C02 production. A key advantage of the method is that it can be applied in natural settings without interrupting normal activity patterns. The limitations of the method are that it requires accurate measurement of isotopic enrichments using mass spectrometry and relies on appropriate factors for converting isotopic elimination rates of C02 to energy expenditure.
We used the doubly-labelled-water method to measure energy metabolism over 5-10 d in twenty-two malnourished children. Mean height was 0.70 (SD 0.05) m, height-age was Kerner & Sunshine, 1979) . The 20.9 kJ(5 kcal)kg difference between our estimate of &+a and that of Spady et al. (1976) is within the range of biological variation on expenditure for activity in children.
Alternatively, differences in body composition could explain apparent differences in expenditure per kg body-weight because energy expenditure is a function of active tissue mass. We therefore estimated Em+, per kg fat-free mass (FFM) from body water (our best estimate of active tissue mass) in our subjects (mean 58.4 (SE 13.4) %), assuming FFM is 77% water (recalculated from Fomon et al. 1982) . In our subjects, body-weight was 76% FFM. However, in reference boys 12 months of age, FFM accounts for 77.5% body-weight. We recalculated energy expenditure per kg FFM for each subject based on height-age and the estimated hydration coefficient for that age (calculated from Fomon et al. 1982 Energy cost of growth, tissue synthesis, and storage (Eg, E,,,, Est) E, is partitioned to energy expended for tissue biosynthesis (Esyn) and stored as new tissue (E,,), both of which vary according to the composition of weight gained. E,, amounts to the combustible fuel value of body tissue, estimated as 23.6 kJ (5.65 kcal)/g protein and 39.6 kJ (9.46 kcal)/g fat (Lusk, 1976) . Estimates of Esyn are more variable, and are based on theoretical metabolic costs and on a few experimental observations. Spady et al. (1976) estimated &yn as the arithmetic difference between E, and Est, where E, was estimated from the slope of ME1 v. rate of weight gain and l L was calculated as the arithmetic difference between ME1 and energy expenditure. Subjects were infants recovering from malnutrition whose weight gain was approximately 30%
fat. The resulting estimate of &yn was 4.6 kJ (1-1 kcal)/g gain. The accuracy of EVn calculated in this way relies on measurements of ME1 and energy expenditure. Using the doubly-labelled-water method, we have measured &yn as the slope of the regression of energy expenditure v. weight gain. The regression was based on twenty-two patients. The slope was 4.6 (SE 2-8) kJ (1.1 (SE 0.66) kcal)/g gain. We estimated the composition of the weight gained using an energy-mass balance approach. Briefly, total energy stored was estimated as the difference between metabolizable and expended energy; energy stored as protein was calculated from nitrogen retention (N X 6.25 X 23.6 kJ (5.65 kcal)/d) and fat gain was estimated from the difference (total energy stored -energy stored as protein) 39-6 kJ (9.46 kcal)/g. Approximately 50% of the weight gained was fat. In the present study, E,, was estimated as 22.6 (SD 9.6) kJ (5.4 (SD 2.3) kcal)/g gain based on the difference between ME1 and average daily energy expenditure. Other studies (Garrow et al. 1965; Kerr et al. 1973) , where 50% of the weight gained was fat, estimated ESt as 21.8 kJ (5.2 kcal)/g gain. In the study by Spady ct al. (1976), 30% of the weight gain was fat.
There is no gold standard against which these estimates can be compared. However, based on a theoretical expenditure of 0.628 kJ (0.15 kcal) expended per kJ (kcal) deposited as protein, the theoretical cost of protein synthesis is 3.56 kJ (0.85 kcal)/g protein synthesized (Millward et al. 1976 ). In young force-fed rats, 1.34 kJ (0.32 kcal) were expended per kJ (kcal) deposited as protein (McCracken & Weatherup, 1973) . Thus, in force-fed rats, the experimentally-determined cost of protein synthesis was 7.57 kJ (1.81 kcal)/g protein synthesized.
Fat synthesis has a theoretical cost of 0.4184 kJ (0.1 kcal)/g fat synthesized. This estimate was based on an estimated requirement of 6 AlWmol triglyceride (Millward et al. 1976 ).
Using either theoretical or experimental E, values and 0.4184 kJ (0.1 kcal)/g fat, and estimates of weight gain of 50% fat, the estimated E, would be 21.8 kJ (5.2 kcal) and Esyn would be 0.8 kJ (0.2 kcal)/g gain. The difference between a theoretical cost of Esyn and the value we determined experimentally could be due to the metabolic costs of absorption, transport and activation of substrates. These metabolic costs would be included in Esyn calculated from regression of either ME1 or energy expenditure v.
weight gain, but would be excluded from theoretical costs which are based on the energetics of bond formation alone. Flatt (1978) estimated that the specific dynamic action (SDA), or the metabolic costs of nutrient transport and activation, range from 4% of the combustible energy value of the substrate of fat to 25% of the combustible energy value of protein. The SDA includes the cost of bond formation, which is the only cost included in the theoretical estimate of Esyn. From Flatt's (1978) values and our diets of 230 kJ (55 kcal)/kg per d carbohydrate, 268 kJ (64 kcal)/kg per d fat and 59 kJ (14 kcal)/kg per d protein, and an average weight gain of 6 g/kg per d, we calculate energy cost of absorption and storage of 29 kJ (7 kcal)/g per d or 4.184 kJ (1 kcal)/g. In addition there is the potential for non-obligatory post-prandial thermogenesis, a cost not included in Flatt's (1978) theoretical estimate of SDA. Although the theoretical cost of &yn varies with the composition of weight gained, the present values, particularly when compared with the results of the study by Spady et al. (1976) , suggest that variation in the costs of nutrient transport, or other metabolic costs not specific to bond formation, overshadow the theoretical differences in costs of bond formation in protein and fat synthesis.
In summary the doubly-labelled-water method was used to evaluate energy requirements in children recovering from malnutrition. The energy costs of maintenance and activity/kg can be estimated from 444 kJ (106 kca1)kg FFM, and the percentage body-weight which is the FFM. The energy cost of tissue biosynthesis is apparently 4.6 kJ (1.1 kcal)/g gain when 50% of the weight gain is fat. These estimates should be relevant to children between 3 and 15 months of age.
